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SPECIFICATION 

1. NAME OF THE INVENTION 

A method of manufacturing semiconductor devices 

2 . CLAIMS 

X. . method o £ manufacture semiconductor device co.pri.in,, 

a process o £ £ ormi„, . first semiconductor d.vi=. ha™, a P and 
, type semiconductor uy« « a sub.cr.ee placed in . re.cc.on 

chamber by plasma CVD. . r .. sic 

a process o£ an intrinsic or substant.ally xntr.ns.c 

semiconductor layer in said reaction chafer or in the reaction 
hamber in a condition where a hoider for said substrate is pica .d 
therein or a process of removin, a semiconductor layer formed on h 
inner wail of said reaction chafer or on sa.d holder £ or 
substrate, and 

a process o £ formin, a second one c £ said semiconductor dev.ee 

in said reaction chamber. 

2 The method of manufacture, semiconductor devices of claim 1^ 
wb.rein .option o £ the semiconductor device bavin, at . ^ .e 
,„ junction formed by deposition o £ a P type s^conductor l.ye-^ 
an intrinsic or substantially intrinsic layer and an . «»• 

lie nductor layer on the substrate, is performed in the ran,. 
To . 50 -c to T. * 50 -C. where T, is tenure o £ formats o £ 
semiconductor device. 



DETAILED DESCRIPTION OF THE INVENTION 



This 



.... invent r.L«. « . «« * 

...icnd^r havin, good repetition anc character. 

T h. present invention copses the step of forminga M£ 

■ 1 int-nsic cr substantially i"«°«<= 
coating an mt.*nsic i aver but a 

(Hereinafter called as I layer), or not necessarily I layer b 
lnereL: . . * i aV ar to be rorrved 

<ilm of the same conductivity type as tnat of the lay-r 

* #„«nina a first semiconductor device 
next between each the step of forming a rirs 

chamber by a plasma CVD. and the step of forming a P type or typ 

ducto^layer to be formed next, thus preventing re-exhaustion 
semiconductor layer to semic onductor device 

at the N type or P type impurity of the first semi 
of the n cyp Q f the reaction chamber, 

from the inw.ll and/or substrate holder of the 

rhe film to be formed next by the 
which causes contamination m the film 

r mis h rt 1018cm- 3 . Thus the present- 
impurity concentration .f 10" to 10 cm 

invention is aimed at substantially eliminating the 
semiconductor layer formed in the former step in the »-«• 

The present invention is also aimed at providing the <™ 
removing the objects adhered to the surface •« - ^ ^ 

action chamber - ~ ^ ^ firing a 

semiconductor layer formed in the 

reactive gas such as C. ^ chat is 

The present invention is characterise 
seated w.U and with less characteristic dispersion, and the 

character to b. obtained is ^ , t Jormin9 a 

The present invention is further 
semiconductor layer being intrinsic or ~«^^V£ 
« a non-single crystal silicon on the surface o h «.« 
reaction chamber, on the surface of the semiconductor 
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« leas, a connection specially PIN. PL W « « - < he 
. re ...<Ua in the ,« !t l« ch«*.r ir. adv.nce. in order to P««« 
Auricles. ..P.cu lly -n- and alkali «~ "~ 

Pieced from Che inv.il of che reaction chafer. especially from Che 
iawall co which pl..=. atoms or a reaction gas clashes. 

ir Che pr.senc invention, in order Co prevent re-emissior. by 
coating which substantially eliminates the -|»^»- ™ 
semiconductor layer is formed in Che rang, of P. - 1« «« 
co PC . 30W. and To - 50 C to To • 50 C. wherein Po being like 5 
10 0W. and ,. being like 2 00 to 320 C. or preferabiy under the same 
oc approximately same condition as Po and To. where Po 1. 
electromagnetic energy, and Ta is temperature needed for formation 
ot e semiconductor layer, thus aiming at forming the semiconductor 
layer by the thickness of 0.2 to 1 • 

The plasma CVD method, a semiconductor device having a 
connection and the like were used to be formed in a reaction 
chamber. However, when this connection is repeatedly performed^ 
degradation and dispersion which is not totally known is made, and 
only semiconductors which did not have appropriate reliabiUty were 



made 



The cause of this was studied, and it was known that it was 
ovygen and alkali m.t.l adhered to the reaction chamber that 
o laminated the semiconductor layer and caused * 
eiectric conductivity. As to oxygen, even though contamination wa 
i PP„, dark conductivity was decreased from 10- ( cm, -i to even 10 

decrle \ t conductivity of P type. X cype. and decrease of electr.c 
conductivity of a transparent conductive film. 

TO prevent this contamination, it was necessary to form 
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semiconductor l-Y* by 0. 2 Co : chiOn.ss ~ «- — - - 
-e.c-.io, furnac. .»d Che .,>,««. <" " " Ued " 

„,*e . co.cin,. Concert decradacion of rep.cicive " 
.r N or P typ. semiconductor i. forced I. the last process and 
J „ type ^.i—,.. lav- is formed in the ne*c first process, 
e J= ^U, such as phosphorus was concreted »- - ' — 
SOTiM *c„ t layer, by the oonc.ncr.cion of 1- Co ^ ^ 

^ fho live is added by che concentration or 
result, even if boron and the like is add y 

,n»«-.J in the P type semiconductor layer to ma*e a P type 
1(U« to 10"cm- J in tne r wyy= 

. • „ f its electric conductivity was very bad 
laver. characteristic of its electric 

• increased by the contamination of 
because re-combination centers increased by 

. -.v, 10-2 r fl 10-M cnD-i in the case without 
phosphorous. Compared with 2 to 10 

. ; r was -just 10-' to 10-4 ( cm)-i. which was 1/100 to 

the contamination, it was jusc iu 

, ore-erable for a PIN type photoconductive 
1/10 00. It was not preferable ^ 

conversion device, because efficiency of 2 to wa 

mU ch dispersion as ,00, by each r^n ^ ^ - - *- ^ 

present invention. hi,h conversion efficiency or 

approximately 3 Co 5 tin.es more Chan that before. 

T o decrease this effect of impurity o*y 9 e„ dopin g . a paten- 
appUcation by this inventor. SS-SSSOS .original display , -1 ^ 

, t« hhis invention, separacea 

m 1979) is known. In. cms mvcu 
filed on December 10, 19 /a? , 

reaction chairs are - ~ - J> ^^^1 
end a substrate i. deposited with fil». J ^ _ 

~" £ ~" - "^^"car e =bta i ed. and ver, desirable 
condition as this „, in th , t case, tne 

electric character can be obtaine apparatus 
apparatus i. three ti-es bi 99 er than that ^ 
co*prisin 9 a chafer, and »anuf.ccurin 9 cost 2.5 
expensive. »oreover, there were wea* point, such that 
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vas r.ot Jor sass production. ch ,-be- 

T , is ,„..«!« i. £ " " Sh IMe "° K hs 

uv .„ w . v . for . horizontal furnace. »»«,«r. thrs 

11:1 « — - — — ° M r 

on a substrate, an. including depreciation o £ the apparatu 
; r a semiconductor device, production cost can o. -d. - 1- ° - 
hat .< the vertical type reaction chafer. That is. tne present 
Inly relates to a method utilize a reaction chamber or 
~on c7i„r; UO to 30. . I - in length, disposed 

a k «s a reactive gas into P las*a are provided around chis cylmder. 
M *«s a react! • aurr „undins .hi. reaction 

and a heatrng apparatus P ^ ^ ^ 

cylinder and said electrodes, xn order to o£ ^ 

in the reaction chafer in the longxtudrnal direction 
faction chafer, and substrates are disposed aiong the rlo„ or thrs 

» is «i»ly mentioned that substrates are disposed in parallel 

which are disposed in 20 steps and 20 rows, which are 
10cm square, which are awk* 

400 pieces in total. „, asma CVD, wherein a 

The present invention relates to a plasma 

t_ i^ fl filicide carbide gas), 
reactive gas comprising hydride or halide (silici 
reactive ga hydrocarbon 
.,• -j- «ac like silane (Si n Hin*2' " . 
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j or . reaction chamber 
, ca-b'de. silicon or caroor. under react 

crystal silicon ca.D.ae. 

«f o 05 to 1 torr. and temperature of 100 to 
pressure or O.oa " , Ga :n 

s „ c i-v-ncion. impurity gas including B. 
In th . present i..,-nt Periodi c Table, such 

■ f : ps se le-ted from Group III o. t..e 
being impurities gradual i y added and P type 

as phosphine (FK,) or arsme <AsH 3 > 

t tvpe layer, and N type layer are deposited in 
layer. I type la/e- . coated, thus t.ie 

,„ aan.rin, on the ,*.--»« Havxna . face to he 

pr e«nt invention 1. .1— « ~ ' h » led at 

3UC „ .«-,*. T- .«.«« in " en o : xi£ .««* « . 

.,..1, crystal semiconductor layer 
forming a non-singie y ,„ alled as AS) , semiamorphous 

•inductor of amorphous structure (called as A3) 
3 emiconductor or - n0 n-cry sta.. 

Having micro-crystal character of 5 to 1 

■ w t .r called as SAS) , or micropolycrystal of 
hereinafter callea ^ case that 

mi cro-poly-crystal. hereinafter dl- « J ^ ^ 

str onger electromagnetic energy x. applied, the & 
subs trate is UKely to become sputtered amorphous 



lot of electric defects^ - ^ are separa ted from each 

It is characteristic that the ^ ^ ^ ^ 

other by 10 to 40mm. especially 20 to controlli ng 

nf 200 to 500W is needed for plasma reaction, oy 

r",,.:: — . - rr-rit::::: 

20 "' • the present invention. . ~«ri.l »avin 9 *i-C 

Ih erefor. » the prese ^ f K( 

section is utilized as . J ^ ^ ^ 

• 0«1) • That «. a teactx t(trsMthyllUtn . ,Si( 
navin, carbon-* lllc connects, such 
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CH fair « ™»- <««C:H,..1. tSi.CH,, 

<cl „, a x 3, such.uk.., a x >. i. .-.iu«* «• s '- c 

connections easily in the product. 

I, obtainin, . film ~i--.1V "nprisin, siUcon. sil.ne or f 
,, i, SiF« « mixed 3 as of the. were utilized. la obtains 
ea-bo,. acetylene (CH.) or ethylene <C 3 H,> was mainly utilizea. By 
d/in, so. silicon ,si, . silicon carbide (life 0«*11 . or carbon 

n f these can be written as Si x Ci-x <° x 11 • 
(C) [Because addition or cnese taw 

hereinafter silicon carbide means SixCi-x (0X1)] 

Impurities selected from Group III or Group V of the Periodic 
Tab le are added to this, and P type. I type (intrinsic, or 
substantially intrinsic without artificial addition of impurities 
including auto-dope). furthermore N type semiconductor or 

semi- insulator were formed. 

By the use of this reactive gas. a film can be formed at 0.01 to 
10 torr at 1 atom or less in the reaction chafer, typically under 
pressure of 0.3 to 0.6 torr and electromagnetic energy of SOW or 
less for example, under 0.01 to 100MHz , especially 500KB. or 
13 56MHz . That is. a low-energy plasma CVD apparatus can be made. 

' IB a high energy plasma atmosphere of 50 to 500W. silicon 
carbide is made into micro-crystal. . As a result, if boron or 
phosphorous is added by 0.1 to 5. Ihere ratio of <B,H 6 or PH, ) / ( 
arbL gas or carbide silicide gas ♦ silicide gas) is expressed by 
y . ... * in .j t-o 10-J ( cm)-i could be 

percent], and electric conductivity of 10 to < 

Increased as to approximately 1000 times more, which is 10- to 10 M 



cm)-i- 



«•*»• by utiU2ina thi ;^; 

e „. rs y method cou!d what is called S A S ^ 

c c ► « 900A. ionization rate that t? type 
micro-crystal structure of S to 200A. xo 

„ . Je impurities to be acceptors or donors of Chis ». was ,7 » 
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i 00 % ard all added purities cculd be activated. The plasma vapor 
ohase method of -.hi. inv.n-.ion is explained according to figures. 

Fig .l shows a sugary of the plasma CVD apparatus utili^ng the 

present invention. 

Z , F ,- g .i. a substrate 1 having a face to be coated is held by a 
square quartz holder. In the figure, there are 14 pieces in total, 
which are in seven steps and two rows. Substrates and holders are 
provided in advance from an entrance 30 to the other chamber 29 xn 
th . front of the reaction chafer, and is vacuumed by a valve 32 and 
a rotary pump 33. A closing door 34 is opened, and the substrate 
and holder are introduced into the reaction chafer by an automata 
transferring apparatus, and a mixing plate 35 for a mixer « 
disposed at the same time. These movements are performed under 
vacuum condition in the reaction chamber and another chamber, and 
any mixture of oxygen (air) into the reaction chafer is prevented. 
By closing the closing door 34. as is seen in the Figure, a 
substrate is disposed between electrodes 9 and 10. 

Each substrate is disposed with spaces of 10 to 40mm, typically 
20 to 25mm. A reactive gas along this holder is made as laminar 
flow by providing a mixer 8 in front of a reaction chamber 25. This 
reactive gas is made to be equally injected to spaces between the 
substrates. The face to be deposited is a side face of substrates 
adhered to one another on the lower side or bac* side and which are 

vertically disposed. 

The figures shows a structure of the reection system seen from 
above, and substrate. 1 sr. vertically disposed with their back 
si des adhered to on. another. To remove flakes downward by using 
gravity like this is very important in considering mas. products 

"""'in the reaction chamber 25 to which the substrate, 1 «. 
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i,se*-ed. • plir-.« ele=-.rcde S 9 and 10 ar. disced upside a.,d 
do„ns[de. or right and X.ft. so « « — ««" * 
e r .rgy co these substrates in vertical or in parallel (especially if 
electromagnetic energy is applied to the substrates in pataU... 
W »»« S £11- can be ...ily ~de, "i* the substrates. a, in 
.19 2A or B. especially IK. B. An electric furnace 5 is provided 
outside of th. electrodes, and the substrate 1 is heated at 100 to 

400 C, typically 300 C. 

As to a reactive gas. a carrier gas of hydrogen or helium, such 
a, helium i. introduced from 13. diboran. being an purity seated 
from Group HI i. introduced from 14. phosphin. being an impurity 
selected fro* croup V is introduced fro- 15. and silane being an 
impurity selected from Group VI is introduced from 

By the use of a reactive gas TMS 20 having carbon-silicon 
connection, it is t.pt in a stainless vessel bec.us. it is li<uid in 

This vessel is controlled at a decided 
the primary stage. This vessel 

temperature by an electron constant temperature bath 21. T~ 
boilin, point of this TMS is 25 C. and a rotary pump 12 exhausts the 
reaction chamber through a valve U. and the reaction chamber is 
k .pt at 0.01 to 10 torr. especially 0.02 to 0.4 torr. 3y doing 
this THS can be made into gas by a low pressure without heating it. 
as a' result . Compared with the method of emitting a reactive gas 
by bubbling the chamber 21 a. the conventional method, this method 
of introducing vaporized TMS with 100* concentration through a 
fiowmet.r can control flow more accurately, and is technically 

"owmeter is practical* stopped up. helium is introduced 

from 24 in the figure. 

In removing a reaction product adhered to th. inw.il o the 
reaction cylind.r 25 or th. holder 2. CE. or CP. ♦ 0, .2 to 5%, 
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i-^od-^ed fron 17. electromagnetic energy is applied, fluorine 
radicals are produced, vapor phase etching is performed, and thus 
ch. reaccion produce is removed. In this pU« discharge, a space 
reaction is ,ainly utilized. After a reactive gas is mixed tnrough 
a mixing chafer .. it i- decomposed or reacted in an enhance 
chafer 26. and a reaction product is formed on the substrate. As 
to electromagnetic energy. DC current or high fr.qu.ney from an 
electric source 4 is mainly utilized. 

Like above mentioned, a silicon carbide film is formed on the 
face to be deposited. For example, substrate temperature is 300 C. 
output of high frequency energy is 25W. flow of silane or THS is 

a u- ». a carrier gas is 250cc/minute . At 5 (reactive 
50cc/minute, and He as a carrier gas 

gas/He, . film deposition speed of 160A/minut. is obtained. 

I„ this film formation, reaction products with thicknesses 
needed for PIN connection. P» connection. PI. HI connection. PINPIN 
connection are deposited on the substrata on. by one. After 
formation of a film of the face to be coated is finished, and after 
a reactive gas is fully purged from the reaction cylinder, the 
closing door is opened. The mixing board for mixer 35. a substrate 
on a jig 3 «e transferred to the other chamber 29 by an automatic 
pullout Pipe, while mating the reaction cylinder and the other 
chamber in vacuum. After closing the closing door 34. the valve rs 
opened and air is filled from 3! in the other chamber to max. it an 
atmospheric pressure. Then the jig — «- -*«»» " » 
film ha. been deposited are taken outside. 

»s is clear from above mentioned embodiment, it 
characteristic in the present invention that after a reactive gas x. 
mixed by the mixer .. this gas is flown to the exhaustion ope™, 
in laminar flow (from the standpoint of micron „«, it moves a 
random when it is made into a plasma, and a film is formed on 
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<ace to be deposited by 0.1 to 3 thickness, within 5% dispersion, 
w-ich is disposed in parallel with this flow. It is also 
characteristic that in oak in* a plasma by a glow discharge method, 
ic. electrode is disposed outside of the reaction cylinder, and a 
plasma is made to be produced equally on many substrates. 

in forming films, if a reaction cylinder is made long to have 
substrates in 20 steps and 20 rows, which is not like 7 steps and 2 
rows in the figure, it is important to make pressure low as 0.2. 
0 1 0 05 torr. not like 0.4 torr. in order to make film, 
homogeneously, especially to obtain equality in the film quality, 
especially equality in the front row and in the end row. It i. also 
essential to have the other chamber and to have processes in Che air 
through this chamber, in order to prevent oxide gas such as oxygen 
which is hard to control from being contaminated in this reaction 
cylinder. It is effective in obtaining repetition of character of 

the obtained films. 

Fig.2 shows relationship of the position of the substrate 1 seen 
from the exhaustion opening 6 and the electrodes 9 and 10. In the 
figure. A shows horizontal substrates and horizontal electromagnets 
field caused by electrodes 9 and 10. In this case, the number of 
the substrates to be introduced at a time can be increased. In 
Fig 2B, both electromagnetic field by the electrodes 9 and 10 and 
the substrate 1 are disposed vertically. The number of disposed 
substrates is twice as many as that of *. Fig-3 shows a operation 
process chart of the method of manufacturing a semiconductor of the 

present invention. 

In the figures, 49 being "0" shows the reaction chamber kept at 
0 01 torr or less by vacuuming. 40 being -1- shows coating of 
silicon or silicon carbide to the reaction chamber, reactxon 
cylinder, or the holder in the present invention. This coating 
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specifically are 3 and C in Fig. 3. In Fig.3B, the reaction chamber 
is vacuumed by 49 at 0.01 torr or less, and kept for 10 to 3C 
minutes. Then plasma cleaning is performed by hydrogen by 
electromagnetic energy for 0 to 30 minutes at output of 30 to SOW. 
Adhesion, water, and oxygen is removed. Furthermore, after removing 
this hydrogen, helium is simultaneously made into plasma by 51 at 
output of 30 to 50W, for 10 to 30 minutes, and hydrogen on the 
surface is removed. In production of this hydrogen plasma, if HCl 
or CI is added to hydrogen by 1 to 5% concentration, chroline 
radicals are simultaneously produced. This radical has an effect of 
absorbing alkali metal like so dium exis ting inside of the holder 



made of quartz and the like. [Therefore concentration of sodium, 
water, oxygen in the background level can be made as lQUcm-» or less 



in the formed film. I This is a very important pretreatment process 



In the case of adding chlorine like this, removal by sputtering 
by inactive gas 51 is effective for removing chlorine left and 
absorbed in this inwall. 

After vacuuming this system after this process, silane being 
silicide gas or THS being carbide silicide is introduced, and is 
decomposed by a plasma energy, and a film is deposited by 0.1 to 2 
thickness, typically 0.2 to 0.5 thickness. As another good result, 
the film is deposited thickly especially on a region to which high 
electromagnetic energy is applied, that is, on a region in which 
impurities are subject to be re-emitted. 

Even in the case of not performing complicated pretreatment 
process in this invention, silicon or silicon carbide is formed at 
52 by 0.1 to 2 thickness in the same way, while re-emission of 
oxygen and alkali from the inwall of the reaction chamber is 
effectively prevented. In Fig.3A, coating of the substrate and 
vacuuming of the system 41, formation of an I type semiconductor 



13 



layer 43 formation of an N type semiconductor layer 44 is 
perform.*, and a first semiconductor layer is formed in 48. 
N a-urally this semiconductor device must be formed in a device 
design having at least one connection such as PI. NI. PI*. » as 
above mentioned. 

To prevent effect of the process 44 utilized in the first 
formation of the semiconductor device from causing effect on the 
next run. I type semiconductor layer shown in 46 or a semiconductor 
layer being the same as the semiconductor layer shown m 42" is 
coated on the substrate in the reaction system to which the reaccxon 
chamber only or the reaction chamber and the holder are inserted. 

i ii Fi <r 3 B C D, and E. In Fig. 3 B, vacuuming 
Details are shown in Fig. 3 B, c, u, 

49 hydrogen plasma discharge 50. helium plasma process 51. a 
process of forming a semiconductor layer in the first process of run 
of the semiconductor device 52 are shown. However, because this 50 
and 51 have been already performed in 46 in A. formation of a 
semiconductor layer by 0.1 to 2 thickness is enough at 52 in C. 

To lose effect of formation of semiconductor device 40 in the 
former process, that is, to lose effect of the run before, plasma 
etching process shown in D and E can be performed. In Fig.3 D or E. 
after vacuuming 49, CF 4 or CF 4 ♦ 0 2 (approximately 5%) is introduced 
from 17 in rig.l. «d plasma etching 53 is performed for 20 minutes 
to 1 hours. Vacuuming is performed again, and hydrogen plasma 
treatment 50 is performed for 10 to 30 minutes to remove residuals 
of C and F, and then a semiconductor layer of I type or of the same 
conductivity type and component as that of the semiconductor layer 
42- of the first run in the next process is formed on this I layer 
by o.05 to 0.5 thickness. This method can most thoroughly 
guarantee repeatability. 

As an easy method, vacuuming of 49 shown in E. plasma etchmg 53 
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a , d removal of r-sidual absorbed ga, SO is performed . X» -his 
..-hod it is m^e possible co prevent mxxcure of ? or N ,yp 
rre - nro cess 44 of formation 

impurities with each other between the las. process 

rt.vice 48 and the first process 4. oi 
of Che first semiconductor device an 

. ,, is also possible Co prevent mixture of 

Che next process 48 . -t is ai= f 
additives at 44 liX. carbon or oermanium at 42'. 

ri s .4 shows a result of valuation of Che effect of the method of 
ch . pre.enc invention. Fi S .4 is a result of the photoelectric 
conversion device produced by ucilitin, the method of the Preset 
invention. In this case, a multilayer substrate 
deposited by S00 to 2000 thickness on metal such a. stainless 
substrate or ,l.s. b.in 9 a translucent substrate, and tin oxide or 
antimony oxide d.posiced by 100 to 500, thickness 

cnhcfrate pin- structure is formed. P type 
utilized. On thxs substrate, fln s 

„ y i x = 0 3 to 0.S for example] xs 
silicon oxide CSiy.d-x 0 X 1. X 

posited by 0.4 - 0.7 thickness. .Upon this intrinsic 

JLtantially intrinsic silicon of AS or SAS is deposed b y 0.4 to 
0 7 thickness. Further upon this. N type silicon oxxde [Sx^ X 
! X = 0.3 to 0.5] is deposited by 100 to 300A thickness. Desxgn of 
this P, I, N type semiconductors correspond to 42. 43, 44. 42'... m 

Che chart of Fig. 3 A. ng 
After that, a photoelectric conversion device is maa y 

, • «. t al film by vacuum deposition method. Its conversion 
an aluminum metal rxim oy v» «- 

• u 4 n pig 4 a If pretreatment is not utilized at 
efficiency is shown xa Pig. 4 K P ^ . f 

the condition of AMI <100mW/cm*>. 3% of 71 xs 

i in is obtained. 

pr.treatmenc is not utilized, value of 70 

orocess 46 is added, efficiency of run (by date o 

intermediate process *o 

formation, is ... « -chin, i. added. .1 » °^>^ ^ ~ 
obtain efficacy of » to «. but efficiency is ,ust 1 » « 
method of the present invention is not used. If 
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cell is made as 100cm:. efficiency of 7 to 9% can be obtained, but 
efficiency is just 0 to 3% if the method of the present invention is 
not used. Especially those cells which does not have diode 
character is 30% or more, and it is impossible to produce good 
cells. 

Fig. 4 B shows the value of electric conductivity when an I type 
silicon semiconductor is formed by the process of forming a P type 
semiconductor especially on the surface. In the case of forming a P 
type semiconductor in the first process and no pretreatment of 
intermediate treatment of the method of the present invention is 
performed, electric .conductivity by light radiation of AMI is 65. 
There is a case when electric conductivity is in reverse to dark 
conductivity. Its value is dispersed a lot. from 10-* to 10-«. On 
the other hand, in the case that the pretreatment of the present 
invention is performed, light conductivity 70 and dark conductivity 
70' is obtained. In the case that intermediate treatment is 
performed, light conductivity 62, and dark conductivity 63 is 
obtained. These show how important it is to prevent doping effect 
in the present invention. 

Ag is clear from above mentioned explanation, the present 
invention supplied a producing apparatus and a producing method 
which are very important in producing not only a photoelectric 
conversion device or a light emitting element, but also in producing 
various kinds of semiconductor devices such as a field effect 
semiconductor device and a photo-sensor array. This invention is 
particularly appropriate for mass production, because non-single 
crystal semiconductor films can be formed on 100 to 500 pieces of 
substrates in the same time spent for forming 4 pieces of 10cm by 
the conventional vertical type plasma CVD apparatus. The electrode 
structure or arrangement of substrates in the present invention 
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enables conversion efficiency of 10% or more in a photoelectric 
conversion device having a PIN structure and an excellent film 
equality. 

In the present invention, silicon carbide {Si x Ci- X 0X1] is 
mainly written. If germanium is utilized as a reactive gas, Si^Gex-x 
(0X1) can be obtained. It is also possible to obtain what is 
called a tandem structure, with the first PIN structure comprising 
silicon and silicon carbide, and the second PIN structure with 
silicon and germanium silicide. 

In the present invention, a horizontal plasma CVD apparatus 
shown in Fig.l is mainly shown. However, the, present invention is 
also effective even if the electrodes are made as dielectric, or a 
plasma CVD apparatus utilizing arc discharge is utilized. A 
vertical, or horizontal verger type plasma CVD apparatus can also 
embody the method of the present invention. 

BRIEF EXPLANATION OF THE PRESENT INVENTION 

Fig.l shows a plasma vapor phase apparatus of the present 
invention. Fig. 2 shows a part of Fig.l. Fig v 3 utilizes the 
apparatus in Fig.l, and is a chart showing the case the plasma vapor 
phase method of the method of the present invention is utilized. 
Fig. 4 A is efficiency of the photoelectric conversion device 
obtained according to the chart in Fig. 3. B shows another report of 
doping prevention effect of the method of the present invention. 
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